Background: Research into adverse events (AEs) has highlighted the need to improve patient safety. AEs are unintended injuries or complications resulting in death, disability or prolonged hospital stay that arise from health care management. We estimated the incidence of AEs among patients in Canadian acute care hospitals. Methods: We randomly selected 1 teaching, 1 large community and 2 small community hospitals in each of 5 provinces (British Columbia, Alberta, Ontario, Quebec and Nova Scotia) and reviewed a random sample of charts for nonpsychiatric, nonobstetric adult patients in each hospital for the fiscal year 2000. Trained reviewers screened all eligible charts, and physicians reviewed the positively screened charts to identify AEs and determine their preventability. Results: At least 1 screening criterion was identified in 1527 (40.8%) of 3745 charts. The physician reviewers identified AEs in 255 of the charts. After adjustment for the sampling strategy, the AE rate was 7.5 per 100 hospital admissions (95% confidence interval [CI] 5.7-9.3). Among the patients with AEs, events judged to be preventable occurred in 36.9% (95% CI 32.0%-41.8%) and death in 20.8% (95% CI 7.8%-33.8%). Physician reviewers estimated that 1521 additional hospital days were associated with AEs. Although men and women experienced equal rates of AEs, patients who had AEs were significantly older than those who did not (mean age [and standard deviation] 64.9 [16.7] v. 62.0 [18.4] years; p = 0.016). Interpretation: The overall incidence rate of AEs of 7.5% in our study suggests that, of the almost 2.5 million annual hospital admissions in Canada similar to the type studied, about 185 000 are associated with an AE and close to 70 000 of these are potentially preventable.
One important indicator of patient safety is the rate of AEs among hospital patients. AEs are unintended injuries or complications that are caused by health care management, rather than by the patient's underlying disease, and that lead to death, disability at the time of discharge or prolonged hospital stays. 1, 2 Some AEs are the unavoidable consequences of health care, such as an unanticipated allergic reaction to an antibiotic. However, 37%-51% of AEs have been judged in retrospect to have been potentially preventable. [1] [2] [3] [4] [5] [6] In various countries, hospital chart reviews have revealed that 2.9%-16.6% of patients in acute care hospitals experienced 1 or more AEs. [1] [2] [3] [4] [5] [6] [7] [8] [9] The results of these studies have offered important data on a critical aspect of hospital performance and provided impetus for the development of patient safety initiatives.
There are few Canadian data on AEs in hospital patients. [10] [11] [12] We report on the first Canadian study to provide a national estimate of the incidence of AEs across a range of hospitals using methods comparable to those used in recent studies from other countries. Our study was designed to describe the frequency and type of AEs in patients admitted to Canadian acute care hospitals and to compare the rate of these AEs across types of hospitals and between medical and surgical care. Additional detailed analyses on the specific nature of the AEs as well as comparisons to other methods for detecting AEs will be reported elsewhere.
Methods
The methods used in this study are based on a protocol developed by the Harvard Medical Practice Study, which examined the incidence of AEs in New York state hospitals in 1984. 1, 3 This protocol, with modifications, was used in subsequent studies in Australia, the United Kingdom, New Zealand, the United States (in Colorado and Utah) and Denmark. 2, [4] [5] [6] [7] [8] [9] The Canadian Adverse Events Study: the incidence of adverse events among hospital patients in Canada
Study sample
Four hospitals in each of 5 provinces (British Columbia, Alberta, Ontario, Quebec and Nova Scotia) were randomly selected to participate in the study from a list of eligible acute care hospitals in each province. Eligible hospitals were facilities within about 250 km of the provincial research centre (range selected because of budgetary considerations) that had at least 1500 inpatient hospital admissions in 2002 and an emergency department open 24 hours per day. No specialty hospitals (e.g., pediatric, psychiatric, obstetric or rehabilitative) were included. One teaching hospital (i.e., a hospital with full-time core residency training programs in medicine and surgery), 1 large community hospital (100 or more beds) and 2 small community hospitals (fewer than 100 beds) were randomly selected in each province. Of the 20 hospitals invited to participate, 1 declined and was replaced with the next randomly selected hospital of the same type for the province. Selected hospitals gave permission to access their patient charts. The goal was to review 230 charts in each teaching and large community hospital and 142 charts in each small community hospital, for a total sample of 3720 hospital admissions; this sample has the power to detect a real difference in AE rates of at least 3% between these types of hospitals, assuming an incidence of 9% (range 6.9%-11.1%, α = 0.05, β = 0.1). Sampling statistics were based on the UK study results 6 and discussions with investigators there. Oversampling was carried out, with the expectation that 10% of charts would be unusable.
A random sample of hospital admissions (patient charts) for the fiscal year 2000 was selected by the Canadian Institute for Health Information (CIHI) for all participating hospitals except those in Quebec, where discharge data are not collected by CIHI. The sampling frame included all admissions for patients over 18 years old who had a minimum stay in hospital of 24 hours (or died within 24 hours after admission). Hospital admissions with a most responsible diagnosis related to obstetrics or psychiatry were excluded. In Quebec, we selected a sample from the list of hospital admissions at each participating hospital using a database of patient diagnoses and a sampling frame similar to that used for the CIHI data.
Definitions
We defined an AE as an unintended injury or complication that results in disability at the time of discharge, death or prolonged hospital stay and that is caused by health care management rather than by the patient's underlying disease process. 2, 4, 5, 7 We defined disability as temporary impairment of function lasting up to a year, permanent impairment of function or death. Health care management includes the actions of individual hospital staff as well as the broader systems and care processes and includes both acts of omission (failure to diagnose or treat) and acts of commission (incorrect diagnosis or treatment, or poor performance).
Data collection
Data collection involved a 2-stage review of hospital charts according to previously described methods. 2, 6 To improve efficiency and data quality, the review forms were converted from paperbased instruments to electronic templates and installed on laptop computers. Information on the selection of stage 1 and stage 2 reviewers, their remuneration and the average time for chart audit is available online in Appendix 1 (www.cmaj.ca/cgi/content/full/170 /11/1678/DC1). In the first stage, nurses or health records professionals assessed each selected hospital chart for the presence of 1 or more of 18 screening criteria known to be sensitive to the occurrence of an AE (Table 1) . Stage 1 reviewers also recorded the presence or absence of comorbid conditions.
In stage 2, physicians reviewed charts that were positive for at least 1 screening criterion. They first identified the presence of any unintended injuries or complications. All injuries were classified according to any association with death, disability at discharge, prolongation of hospital stay, subsequent hospital admissions, interventions without sequelae or outpatient visits. Finally, the physician reviewers, using a 6-point scale (Box 1), determined the extent to which health care management, rather than the patient's disease process, was responsible for the injury. An injury or complication was identified as an AE if it was associated with death, disability at discharge or prolonged hospital stay and received a causation rating of at least 4 (i.e., rated as having more than a 50% likelihood of being caused by health care management). Using professional judgement, physician reviewers estimated the number of additional hospital days directly attributable to AEs. Physician reviewers were also asked to judge the preventability of each AE using a 6-point scale (Box 1). They were encouraged to seek advice from the physician leader or specialist colleagues whenever they needed additional knowledge to assess whether an AE had occurred and to assess its preventability. Several efforts were made to improve on the moderate reliability associated with previously reported chart reviews. 13 We developed a computerized data collection form to ensure complete data entry. Data were transferred regularly by phone to a computer at the coordinating centre to minimize data loss and transcription error. Provincial physician and nurse leaders underwent training and used a standard set of hospital charts and a training manual. Reviewer performance was evaluated on a national basis with the use of measures of interrater reliability before data collection was started. Reliability data were reported back to each province. At both stages of the review process, interrater reliability was also assessed on a random sample of 10% of the charts. The kappa statistic for the measurement of agreement on the 10% sample for the first stage of the review process (by nurses or health records professionals) was substantial, 0.70 (95% confidence interval [CI] 0.63-0.76).
14 Kappa scores for the measurement of agreement for the second stage of the review (by physicians) were moderate for each of several steps: determination of whether an injury had occurred, 0.47 (95% CI 0.35-0.58); determination of whether the injury was caused by health care management, 0.45 (95% CI 0.33-0.57); and determination of whether the event was preventable, 0.69 (95% CI 0.55-0.83).
14 These kappa values were equivalent to, and in some cases better than, those recorded in studies using similar methodology. 2, 4, 7 The timing of the AE in relation to the index hospital admission is an important methodological issue. We counted AEs that occurred during the index hospital admission and that were detected during either the index or subsequent hospital admissions over the following 12-month period. We also counted AEs that were related to hospital admissions within the 12 months preceding the index admission but that were not detected until the index admission. Only hospital admissions occurring in participating hospitals were evaluated.
National weighted point estimates and CIs for AEs were calculated using a 2-stage stratified sampling technique. First, we weighted results for the total number of charts per hospital. Next, we weighted observations for the total number of hospitals per type in each province. The calculation of the weighted proportions was determined by the sampling strategy and accounts for the 3 hospital types and the 2 stages of chart selection. The sampling weight was the inverse of the probability of being included in the sample owing to the sampling design. It was calculated as N/n, where N = the number of elements in the population and n = the number of elements in the sample. In a 2-stage design, it was calculated as f 1 × f 2 , which means that the inverse of the sampling fraction for the first stage is multiplied by the inverse of the sampling fraction for the second stage. All CIs were calculated at the 95% level. The χ 2 test for trend was used to compare AE rates among hospital types.
As noted earlier, stage 1 reviewers also collected information on the presence of 60 different comorbid conditions, disabilities or social factors as well as age and sex. Only 14 records were missing these data. We used backward stepwise logistic regression to calculate the risk of an AE across hospital peer groups on the basis of 8 of these factors, plus age and sex, that were significant in the final model (p < 0.10) (see online Appendix 2 [available at www.cmaj.ca /cgi/content/full/170/11/1678/DC2]). This model was used to calculate expected AE rates and 95% CIs for each hospital peer group.
Demographic data, including length of stay, were provided by CIHI (by MED-ECHO in Quebec) for all of the patients in our sample. These sources and Manitoba Health also provided the numbers of hospital admissions in fiscal year 2000 for hospitals similar to those in our sample.
Ethics approval was received from the University of Toronto, the University of Alberta, the University of British Columbia, the University of Calgary, the Université de Montréal and Dalhousie University. In addition, approval from local institutional review boards was obtained from all participating hospitals requiring such review.
Results
Of the 4164 hospital admissions sampled from the participating hospitals, 3745 patient charts (89.9%) were eligible for a full screening by the stage 1 reviewers (Fig. 1 ). Of these, 1527 (40.8%) were assessed as positive for 1 or more 
Preventability
Rate, on a 6-point scale, your confidence in the evidence for preventability of the adverse event:
1. Virtually no evidence of preventability 2. Slight to modest evidence of preventability 3. Preventability not quite likely (less than 50/50, but "close call") 4. Preventability more than likely (more than 50/50, but "close call")
5. Strong evidence of preventability 6. Virtually certain evidence of preventability *Physician reviewers were required to respond to a series of 13 questions related to the causation of the patient's injury prior to assigning a causation rating (e.g., Is there a note in the medical record indicating that the healthcare management caused the injury? Does the timing of events suggest that the injury was related to treatment? Is lack of diagnosis or delayed diagnosis a recognized cause of this injury?)
screening criteria (Table 1) and were sent for detailed review by the physician reviewers. In stage 2, the physician reviewers identified a total of 1133 injuries or complications in 858 charts. In 401 (46.7%) of these charts the injuries resulted in death, disability at the time of discharge or prolonged hospital stay. In 255 of the charts one or more of the AEs were rated 4 or higher on the 6-point causation scale (Box 1). The total number of AEs in these charts was 289, and 27 (10.6%) of the charts indicated more than 1 AE. After weighting for the sample frame, the overall AE rate was 7.5% (95% CI 5.7%-9.3%).
The proportion of AEs by the timing of occurrence and detection relative to the index hospital admission is displayed in Fig. 2 .
There was a trend for AEs to occur more frequently in the teaching hospitals than in the large community or small hospitals ( Table 2 ). The trend was significant for AEs across the 3 hospital types (p < 0.001) but not for preventable AEs (p = 0.8). When we adjusted for comorbidities, age and sex, the adjusted rate for teaching hospitals was significantly higher than the adjusted rate for the nonteaching hospitals (Table 2) .
Of the 255 patients who experienced AEs, 106 (41.6%) were judged to have 1 or more AEs with a high preventability rating (4 or more on the 6-point preventability scale [Box 1]). In 39 (15.3%) of the 255 patients, preventability was judged to be "virtually certain." A brief description of the clinical details of AEs occurring in the 255 patients, grouped according to the maximum preventability score, is provided online in Appendix 3 (www.cmaj.ca/cgi /content/full/170/11/1678/DC3). When these results were adjusted for the sampling strategy, we calculated that highly preventable AEs occurred in 36.9% (95% CI 32.0%-41.8%) of the patients with AEs. Similarly, death was estimated to have occurred in 20.8% (95% CI 7.8%-33.8%) of those with AEs, and 9% of these AEs were judged to have been highly preventable. The weighted rate of preventable AEs was similar across all 3 hospital types, ranging from 2.5% in the large community hospitals to 3.3% in the small and teaching hospitals.
Most (64.4%) of the AEs resulted in no physical impairment or disability, or in minimal to moderate impairment with recovery within 6 months. However, 15 (5.2%) of the AEs resulted in permanent disability, and 46 (15.9%), occur- *Reasons for ineligibility were hospital stay less than 24 hours (n = 261), obstetrics patient (n = 56), patient transferred from other hospital (n = 48), cardiac arrest on arrival and subsequent death (n = 3), admission for rehabilitation or respite care (n = 2), psychiatric patient (n = 2), eligibility could not be determined (n = 16).
Patient charts sampled n = 4164
Initial screening n = 3776 ring in 40 patients, resulted in death (Table 3) . When these results were adjusted for the sampling strategy, we estimated that death would be associated with an AE in 1.6% of patients with similar hospitalizations in Canada. The rate of preventable AEs across all hospitals was 2.8% (95% CI 2.0%-3.6%), and the rate of deaths from preventable AEs was 0.66% (95% CI 0.37%-0.95%). We found that patients who experienced AEs had longer *Physician reviewers were asked to determine, on the basis of evidence in the medical record and their professional judgement, the degree of physical impairment attributable to the AE over and above the patient's disability from the underlying disease on the day of discharge. Disability lasting more than 1 year was defined as permanent. Grading the degree of disability (≤ 50% or > 50%) required consideration of the patient's potential for work and activities of daily living. Note: CI = confidence interval, NA = not applicable. *Point estimates and CIs were weighted to account for the total number of charts per hospital and the total number of hospitals per type per province. †Adjusted model was developed using backward stepwise logistic regression. Rates were adjusted for 8 comorbidities plus age and sex (see online Appendix 2 at www.cmaj.ca/cgi/content/full/170/11/1678/DC2). ‡χ 2 test for trend for AE by hospital (1 degree of freedom) = 22.7, p < 0.001. §χstays in hospital than did those without AEs (Table 4) . The physician reviewers, using their professional judgement, estimated that the 255 patients with AEs required an additional 1521 days in hospital directly related to their AEs.
For 51.4% of the AEs, the service most responsible for the delivery of care was surgery, for 45.0% it was medicine and for 3.6% it was another service (e.g., dentistry, physical therapy, podiatry). The most common types of AEs were related to surgical procedures, and the next most common were associated with drug-or fluid-related events (Table  5 ). In the medicine service, AEs resulting from errors of omission (the failure to carry out necessary diagnosis or treatment) were more common than those resulting from errors of commission (57.1% v. 42.9%). In the surgery service, the frequency of these errors was assessed as being roughly equal (50.8% v. 49.2%).
The mean age (and standard deviation) of patients was significantly higher among those experiencing an AE than among those who did not have an AE (64.9 [16.7] v. 62.0 [18.4] years; p = 0.016). There was no difference between female and male patients in their risk of AE.
Interpretation
Our study showed that an estimated 7.5% of patients admitted to acute care hospitals in Canada in the fiscal year 2000 experienced 1 or more AEs. We found that 36.9% of these patients were judged to have highly preventable AEs. Most of the patients who experienced an AE recovered without permanent disability; their AEs contributed to longer stays in hospital or temporary disability. However, a small but significant proportion of patients died or experienced a permanent disability as a result of their AEs. By extrapolation, our results suggest that, in 2000, between
Adverse events in Canadian Hospitals Note: SD = standard deviation, IQR = interquartile range. *Physician reviewers were asked to estimate, on the basis of their professional judgement, the number of additional days in hospital directly related to AEs. *Physician reviewers could attribute events to more than 1 type of procedure. †Includes dentistry and oral surgery, nursing, osteopathy, pharmacy, physiotherapy and podiatry. ‡AEs not covered in previous categories (e.g., burns, falls). §System events include AEs that cannot be attributed to an individual or specific source (e.g., communication, reporting, lack of equipment).
141 250 and 232 250 of 2.5 million similar admissions to acute care hospitals in Canada were associated with an AE and that 9250 to 23 750 deaths from AEs could have been prevented. The trend toward higher numbers of patients with AEs in teaching hospitals than in small or large community hospitals persisted after adjustment for comorbidities and age. Several factors may have accounted for this trend. First, the risk adjustment model does not fully account for true differences in the acuity of patient populations. Second, teaching hospitals may receive patients at different points in their care (e.g., complex conditions requiring treatment not available in small or large community hospitals) that place them at an increased risk of an AE regardless of their comorbidities. Third, the complexity of care in teaching hospitals means that patients may receive care from several different providers, which may increase the risk of AEs related to miscommunication and coordination of care. Fourth, the scope, depth and focus of documentation in patients' records may differ across hospital types. Finally, the quality Note: NR = not reported. *Values represent physician reviewers' judgements as to whether the injury was caused by medical management rather than by the patient's underlying condition. Causation was rated on a scale of 1 (virtually no evidence of causation) to 6 (virtually certain evidence of causation). In general, a causation rating of 4 means a "close call" but more than 50% likelihood of causation. †Reviewers judged whether AEs were preventable on a 6-point scale. The percentage given reports the number of AEs given a score of 4 or higher on that scale. ‡ From Thomas et al. 15 In this study, American and Australian investigators harmonized the inclusion criteria and AE definitions between the 2 studies and then re-analyzed the Australian data. This yielded an adjusted AE rate of 10.6%, as compared with 16.6% using the original Australian study methods.
§This study did not measure or report preventability in the same manner as other studies. ¶Represents an unweighted estimate of prevalence.
of care in teaching hospitals may be lower. However, the fact that the rate of preventable AEs did not differ significantly across the 3 types of hospitals suggests that this last option is not the case. The AE rate of 7.5% in our study is lower than the rates reported in several other large studies of AEs outside of the United States (Table 6 ). In the recent New Zealand study 7 the AE rate was 12.9% among patients admitted to hospital. In the Quality in Australian Health Care Study, 2 the AE rate was 16.6%; however, the study included AEs that could be linked to any previous hospital admission as well as those that occurred in the index hospital admission but were discovered in any subsequent hospital admission. Two large US studies 1, 3, 4 found an incidence of 3.7% and 2.9% respectively. However, the study in Utah and Colorado 4 counted only AEs that occurred and were discovered during the index hospital admission. When the results from the Australian study were recalculated using the methods from the Utah/Colorado study, the Australian rate was found to be 10.6% and the Utah/Colorado rate 3.2%. 15 The emphasis in the US studies on finding negligence and the emphasis in other studies on preventability and quality improvement may also have contributed to the lower US rates. Interestingly, the UK study, based in 2 teaching hospitals, 6 identified an AE rate that was nearly identical to the unadjusted rate identified in the 5 teaching hospitals in our study (10.8% and 10.9% respectively). The number of AEs associated with death or permanent disability in our study was similar to the numbers in the UK, New Zealand and Australian studies.
Our study had several limitations beyond those associated with retrospective chart reviews. Budget constraints limited the study to 20 hospitals in 5 provinces, and thus generalizability to other provinces is unknown. Furthermore, we did not study AE rates in very small or remote hospitals or in hospitals in northern Canada. We included only adult patients in acute care general hospitals and excluded those with a most responsible diagnosis in obstetrics or psychiatry. Patients who receive their care in other settings may have different experiences. The kappa values for reviewer performance were equivalent to, and in some cases better than, those recorded in studies using similar methodology; the kappa values indicated only moderate agreement among physicians in assessing injury, preventability and the contribution of health care management to AEs. The additional length of stay attributed to the AEs was based on the physician reviewers' professional opinions and interpretation of the patient charts and not on the use of a scale, as was done for their judgement of causation and preventability.
Our study provides a starting point for understanding the incidence of AEs and the burden of injury resulting from AEs in Canadian acute care hospitals. However, additional work is needed to explore the types of AEs and their contributing factors. Given the distribution of AEs in this study, efforts to improve medication safety and surgery are likely to play an important role in improving patient safety in Canadian hospitals. Additional research is also needed into the incidence and types of AEs beyond the acute care hospital setting. Health care organizations have historically focused on identifying and disciplining clinicians who were closest to incidents. However, experts suggest that the greatest gains in improving patient safety will come from modifying the work environment of health care professionals, creating better defences for averting AEs and mitigating their effects. [16] [17] [18] Efforts to make patient care safer will require leadership to encourage the reporting of AEs, continued monitoring of the incidence of these events, the judicious application of new technologies and improved communication and coordination among caregivers.
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